This work presents the identification of static aerodynamic characteristics in the water tunnel experiments. The tested object was a scale model of unmanned aerial vehicle (UAV) target drone OCP-Jet. The research was performed in the water tunnel Rolling Hills Research Corporation model no. 2436, Military University of Technology, Warsaw. Water tunnel experiments allow to perform static and dynamic balance measurements, dye flow visualizations and PIV flow field measurements. The advantage of the use of the water tunnel are relatively inexpensive researches and the possibility to use small models manufactured with 3D printing technology. However, testing the flying objects in the water medium has limitations due to difficulties in satisfying the flow similarity criteria. In this paper the researches were focused on identification of the static aerodynamic characteristics with the use of balance measurements. The forces and moments characteristics were performed. The experimental results were compared with full scale aircraft characteristics, calculated with analytical methods and vortex lattice method.
Introduction
Static aerodynamic characteristics includes important information about aerodynamic forces and moments acting on the aircraft in steady state flight condition. Determining of static characteristics is a key issue for the estimation of flying qualities such as flight performance, static stability and manoeuvrability. Therefore, the identification of static aerodynamics characteristics is a matter of experimental researches and numerical analysis. The tunnel researches and flight tests are used in the identification of aerodynamic characteristics and flight performance. Water tunnel measurement is a one of experimental methods in the aircraft research programme. The available publications [1] [2] [3] [4] indicate the following advantages of water tunnel tests:
-researchers are relatively inexpensive, -simplicity of manufacturing and modifying the test model with the use of 3D printing technology, -static and dynamic balance measurements of forces and moments supported by three axial model manipulator, -dye flow visualization, -flow field measurements with PIV technology.
On the other hand there exist some limitations in researches of flying objects in water tunnel. Physical properties of water medium such as density, viscosity and compressibility are significantly different than in air medium case. It is problematic to satisfy flow similarity criteria. The Reynolds number achieved on models in the water tunnel is approximately two or three rows lower than for full scale airplane [1] . However, for micro aerial vehicles it is possible to meet Reynolds number criterion. The sound velocity in water is four times higher than in the air medium. Thus it is impossible to satisfy Mach number in researches [1] .
In this work the balance measurements of static aerodynamic characteristics were performed. The research object was 1:8 scale model of UAV flying drone OCP-Jet [9] . The force (lift, drag and side) and moment (pitching, rolling and yawing) characteristics were measured. In order to verify the usefulness of experimental results the characteristics were calculated for full scale airplane. The calculation included analytical methods [10] and vortex lattice method with the use of "Tornado" software [11, 12] . The collected data was discussed in order to evaluate the usefulness and a range of use the water tunnel in the identification of the flying object characteristics.
Research facilities
The research was performed in the water tunnel Rolling Hills Research Corporation (RHRC) Model no. 2436 ( fig. 1 ). The test section ( fig. 1, item 7 ) is equipped with model support ( fig. 1, item 8 ) that provides the rotational movement along three axes. The measurement system includes five component strain balance ( fig. 2 ), flow velocity meter and computer control unit. The strain balance is mounted inside the model and connects the model with manipulator support. The visualisation system consists of 6 independent dye tanks. The dye is distributed into the model airframe nozzles or external mobile nozzle. Additionally 2-dimensional PIV measurement are performed. 
Test model
The tested object is target drone OCP-Jet (MSP Company). For the research the 1:8 scale model was manufactured with the use of rapid prototyping technology. The article contains necessary technical data, for the full specification see [9] . Note that scaled model has modified aft fuselage part ( fig. 3ab ). The balance is mounted inside the model and must be inserted through the widen circular cross section. The model was tested with the angle of attack sequence (from α = 0° to α = 34°, Δα = 2°) in three configurations of yaw angle (ψ = 0°, 10°, 20°). Water flow velocity was set to V = 0.3 m/s. The components of hydrodynamic force (lift, drag, side) and hydrodynamic moment (pitch, roll, yaw) were measured. Results are shown as a characteristics of forces and moments (in imperial units) and its coefficients due to the angle of attack. This is common form of flying object.
Discussion
The main problem of usefulness of experimental results is the fact that the model of flying object was tested in water medium. There are significant differences between properties of air and water. The density and kinematic viscosity of water are suitably ρwater = 999. . The experimental data characteristics was compared with the full scale aircraft characteristics. The classical method [10] and "Tornado" vortex lattice method (VLM) software [11, 12] were used to obtain full scale airplane characteristics.
The measured force characteristics (figs. 5 to 8) has expected run for airplane case. It can be clearly seen that in the practical angle of attack (AoA) range the lift characteristics CL(α) is linear. Drag characteristics CD(α) and polar CL(CD) exhibit square dependency due to induced drag influence. body, see fig. 18 ). In the range above linear dependence of lift curve slope it can be seen that water tunnel characteristics shows corrugated increment of lift coefficient without a stall point. The interpretation is that the water tunnel balance measures only the normal force that is separated geometrically on lift and drag component. Therefore, on higher AoA the normal force increases due to increasing model planform area crosswise the flow direction ( fig. 2) . 
Conclusion
Comparison of experimental results with calculated characteristics ( fig. 17 ) shows discrepancy between experimental and VLM method results. It is caused by the lack of fuselage body in VLM modelling. In this case the analytical Cm(α) characteristic for the whole aircraft and wing-tail was shown separately. The analytical characteristics overlap with experimental and VLM runs. The only > 0. The probable reason is an influence of the main wing hydrodynamic shadow on the horizontal tail. Rolling and yawing moment characteristics ( fig.  11 to 14) point that tested aircraft has positive static lateral stability characteristics. The measured values of pitching and rolling coefficients increase with yawing angle increment due to vertical tail influence. 
